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ABSTRACT 



In arTimage forming apparatus and method using a stepping 
motor for feeding a recording paper, the stepping/ motor is 
driven based on a single a ling^ed^eontrol^pattern without 
switching control patterns. An excitation phase counter 
MPC indicative of a present exciting phase data is compared 
with a predetermined, fixed exciting^phase^data^If^both data 
coincides, a recording by a^reiX)xdingvhead#is*started at the 
same^tinie the recording paper is advanced by-the stepping 
motor. If both ^iata differs from each other, the stepping 
motoxj^driyen^u^^ thereafter the 

recording is started with a furthex^riyjng»of the stepping 
motor. Thiisf the data recording on the recording paper is 
started a^ra^saffiTfir^ 

3 Claims, 4 Drawing Sheets 
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IMAGE FORMING APPARATUS AND In order to advance the recording paper in a line feed 

METHOD FOR CONTROLLING MULTT- fashion, a 4-phase stepping motor 10 of a 2-phase exciting 

PHASE STEPPING MOTOR FOR USE IN system is used, for example. 

IMAGE FORMING APPARATUS As shown in FIG. 6, this stepping motor 10 comprises a 

5 stator comprising a first winding unit 11 having two exciting 

CROSS REFERENCE TO RELATED phases (A-phase and C-phase) and a second winding unit 12 

APPLICATION having two exciting phases (B-phase and D-phase) and a 

-Ms application relates to and incorporates herein by * h^g alternately-arranged two magnetic polarities 

reference Japanese Patent Application No 9-128912 filed on 10 <° ot ^wn)- MagneUc poles for A-phase and C-phase are 

Mav 19 1997 alternately disposed on the inner wall of the first winding 

' * unit 11 at an equal interval in the circumferential direction. 

BACKGROUND OF THE INVENTION Also, magnetic poles for B-phase and D-phase are alter- 
nately disposed on the inner wall of the second winding unit 

1. Field of the Invention 12 at an equal interval in the circumferential direction. 
The present invention relates to an image forming appa- 15 The fi ret winding unit 11 and the second winding unit 12 

ratus for providing a uniform image and a method for are assembled in such a manner that the magnetic pole for 

controlling a multi-phase stepping motor for use in an image tne A-phase and the magnetic pole for the C-phase of the 

forming apparatus. fi*st winding unit 11 are arrayed on the axial symmetries 

2. Description of Related Art 20 < dolted . lines ) ° f 'he magnetic pole for the B-phase and the 

zu magnetic pole for the D-phase of the second winding unit 

In a facsimile apparatus or the like, image data received 12 . As a result, the magnetic poles are arrayed on the inner 

from another facsimile apparatus of the other party through periphery of the winding unit at an equal interval along the 

a communication channel is sequentially stored in a record- circumferential direction in the sequential order of A, B, C, 

ing buffer provided within a RAM (random-access j) 

memory), and then outputted through a recording apparatus 25 „ owever> ^ actual ticCj the magnetic poles A B c 

to a recording papen When the received image data is D are likely to be not arrayed at an equal angular interval 

recorded on the recording paper, hne feed control patterns accurately due t0 a positioning error caused when the first 

corresponding to the amotmt of received image data stored unit u and ^ ^ n iK 

in the recording buffer are set in advance with respect to assembled 

various parameters. Then, the line feed operation for the 30 ' . . 

recording paper is controlled in accordance with the line ^ wh * n the 2-phase excitmg control is carried out, the 

feed control patterns rotation angle of the rotor 13 provided when the A-phase and 

B-phase are excited and the rotation angle of the rotor 

The line feed control which uses the density of recording provided when the B-phase and the C-phase are excited 

as one parameter, for example, is shown in FIG. 5. In this differ from each otner causes a pro blem that the feed 

control, the lme feed interval (LF interval) is divided into 8 amount of the recording paper advanced by the stepping 

different stages. The LF interval is a length by which the motor io in a line feed fashion is not uniform. That is, even 

recording paper is advanced at every constant time in a line though a recording pattern with respect to the excitation 

feed fashion. The LF interval is progressively shortened fr 0m a specified exciting phase is set, when an excitation 

from LF1 to LF8. When the amount of received image data f rom ot h er exciting phase is carried out, a similar recording 

stored in the recording buffer is large, the LF interval is pattern cannot be provided 

lengthened to speed up the recording speed. Conversely Fof } wheQ there ^ ^ a Une feed fQ 

when the amount of received image data is small, the LF which fe ^ based on a relationshi between an jj: in \ erval 

interval is shortened to slow down the recording speed. and a predetermined densit parameter in response t0 the 

TTius, the LF interval is switched m response to the amount case m which ^ ^ ^ afe exdted from tfae A _ B 

of received image data stored in the recording buffer. phases upoa sM of ^ recordingj tf the magnetic ^ are 

However, if the LF interval is switched successively, the excited from the B-C phases to start the recording, then the 

density of an image (recording image density) recorded LF interval does not correspond to that provided in which 

actually in a portion in which the LF interval is long is the magnetic poles are excited from the B-C phases, 

decreased while the recording image density of an image 50 Therefore, even when it is intended to record image data 

recorded actually in a portion in which the LF interval is with the predetermined density parameter, a density of 

short is increased, even when the density set by the amount recorded image does not become uniform. Furthermore, 

of ink, toner or the like to be supplied is made constant to because the feed amount of the recording paper is different, 

record the image on the recording paper with a predeter- a recorded image also is changed. 

mined density. As a result, the image cannot be recorded on 55 M a resu i ti it is disadvantageous that, when recording is 

the recording paper with a constant recording image density, performed on the recording paper based on the received 

resulting in irregular or non-uniform image density on the i^ge data, a resultant image becomes different due to a 

recording paper. difference of exciting phases (recording start exciting 

Therefore, to record an image on a recording paper with phases) of the magnetic poles excited at the beginning of the 

a predetermined recording density, the set density is changed 60 recording operation. 

in response to the change of the LF interval with respect to In this case, in order to provide a uniform image on a 

each density parameter, i.e., line feed control pattern is set in recording paper, it is necessary to set the specific line feed 

advance. That is, when the LF interval is long, the set density control pattern for each recording start exciting phase with 

is increased. When on the other hand the LF interval is short, respect to a predetermined parameter so that the line feed 

the set density is decreased. Thus, an image is recorded with 65 control pattern is switched in correspondence with the 

respective density parameters, there can be provided respec- recording start exciting phase from which the recording is 

tive constant recording image densities. started. 
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SUMMARY OF THE INVENTION DETAILED DESCRIPTION OF THE 

¥ . L . r L . tJ , _ PREFERRED EMBODIMENT 
It is an object of the present invention to provide a method 

of controlling a stepping motor for use in an image forming In a facsimile apparatus according to an embodiment of 

without switching a line feed control pattern with respect to 5 the present invention shown in FIG. 1, a line feed 4-phase 

a predetermined parameter and an image forming apparatus stepping motor 10 which has the same construction as that 

which provides a uniform recording image. shown in FIG. 6 is used. The facsimile apparatus has an 

According to the present invention, when a recording electronic control apparatus 100 which is connected to a 

paper is advanced by a stepping motor, the stepping motor communication channel 20 connected to a similar facsimile 

is stopped after the paper is advanced by a length corre- 10 apparatus 2 of the other party, an operation control panel 30, 

sponding to a predetermined top margin on the recording a recording head control apparatus 40 for controlling a 

paper. Then, before the stepping motor is driven again for recording head 41, and the like. 

starting the recording of a received image data, the excita- The control apparatus 100 includes a CPU (central pro- 

tion phases to be excited at that time are checked. If it is cessing unit) 110, a ROM (read-only memory), a RAM 130, 

confirmed that the excitation phases to be excited first 15 a drive circuit 150 for driving Jhe stepping motor 10, or the 

corresponds to me predetermined excitation phases, then the like7 a communication control device 160 including a 

stepping motor is driven normally by exciting the excitation modem, etc. each of which is connected together via a bus 

phases to start the recording operation. 140. The_CPU 110 produces control signals for controlling 

If the checked excitation phases to be excited first are not transistors TRA to TRD through the drive circuit 150 solhat 

the predetermined excitation phases, then the excitation 20 excitatkm of the respective phases from A-phase to D-phase 

phases are excited forcedly again, so that the stepping motor o f the stepping motor 10 is controlled. s 

is rotated by several steps until the excitation phases to be The RAM 130 includes a reading buffer 131 for reading 

excited first become the predetermined excitation phases. binary image data from an original document and storing 

Then, the normal recording is started at the same time the therein the thus read binary image data, a transmission buffer 

predetermined excitation phases are excited to drive the 25 133 for temporarily storing encoded compressed data which 

stepping motor. is to be transmitted through the communication channel 20, 

According to this method, since the recording start exci- a receiving buffer 135 for temporarily storing the com- 

tation phases are determined or -fixed in advance of the pressed image data received through the communication 

recording operation, the line feed, eontrol pattern may be set channel 20, a . recording buffer 137 for temporarily storing 

only^in correspondence wth the predetermined recording 30 i^ge ^ ata which results from decoding the received: image 

start excitation phases. ^ data, a-data~area.l394n which the exciting state is stored in 

That is, even when circumferential distances between »hc-fonn,ofa bit jra igTetc: _____ — 

adjacent excitation phases differ due to an assembling error \ Jn the__ROM 120, r there are stored a control program by 

inaatst epping motor, a relative position Setween lne 1 excita- which thT^bihary^inTagewdata* read out-from the original 

^SorfpEases lslxed after assembling/ Hence, the excitation 35 document is converted into the encoded compressed image 

phases that are initially excited when the recording is started data » me encoded compressed image data is stored in the 

may be determined previously, and only the line feed control reacl buffer 131 and the compressed image data is transmit 

pattern for exciting the excitation phases may be deter- tecl ; a control^program by which the compressed image data 

-mined. Accordingly, since a plurality of line feed control temporarily stored.in the receiving buffer 135 after-having 

patterns are not required, memory for storing different line 40 been received from the facsimile apparatus 2 through the 

feedcontrol patters can be reduced and a resulting recorded communication channel 20 is decoded into image data, 

image becomes uniform in a recording image density. stored in "the recording buffer 137 and the jmage.data is 

Preferably, the presently excited phases are monitored and . putputted through the recording head 41> for a recording 

stored so that the forced excitation of the phases of the ' < opcraUon; and a line feed paUern i nj^hj^the.mitial exciting 

> stepping motor is controlledin accordance with the stored 45 phasesjostart the recording opejangjwre set to fixed 

excited phases. _ - - phase^Aj^jha^^ 

< - " I n this embodiment, the stepping motor control, i.e., the 

BRIEF DESCRIPTION OF THE DRAWINGS phase exciting control is performed as shown in FIGS. 2 and 

Other objects, features and advantages of the present 50 ^' 

invention will be made more apparent by the following That is,^as shown m FIG J, > the data area 139 provided 

detailed description with reference to the drawings. In the Wlthia »*~RAM 130-as the exciting phase memory, 8-bit 

drawings: exciting phase data indicative of the exciting state of the 

. i * i , . stepping motor 10 is successively rewritten by a bit train. 

FIG 1 is a block diagram schematically showmg a ^^j,; hase expressed by J ^ bit tram * exciled . 

facsimile apparatus according to an embodiment of the 55 0 . c , A j . i iL 

. & Specifically, lower 4 bits are used to control the exciting 

present invention; , r—r.u . • -m -n. . • *i_ * . 

r state of the stepping motor 10. That is, the excitation states 

FIG. 2 is a table showing a stepping motor exciting of A-,B- y C-, D-phases are controlled in the sequential order 

control method according to the embodiment of in FIG. 1; of the least significant bit. The exciting control is held at the 

FIG. 3 is a timing chart showing the exciting state of the fiQ high active state so that bit data "1" indicates the excitation 

stepping motor according to the embodiment of FIG. 1; state-and bit data "0" indicates the non-excitation state. 

FIG. 4 is a flowchart for controlling the exciting phases of Since the 4-phasestepping motor 10 used in this embodi- 

the stepping motor according to the embodiment of FIG. 1; ment is based on the 2-phase exciting system, bit trains are 

FIG. 5 is a table showing a line feed control pattern used expressed by four kinds of status, 33H, 66H, CCH, 99H. 

in the related art and the embodiment shown in FIG. 1; and 65 a bit train for the A-B phases excitation is expressed as 

FIG. 6 is a schematic view of a stepping motor used in the "00110011" (status 33H). Similarly, a bit train for the B-C 

related art and the embodiment shown in FIG. 1. phase excitation is expressed as "01100110" (status 66H), a 
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bit train for the C-D phases excitation is expressed as stepping motor 10 is stopped at step S90. During this period, 

"11001100" (status CCH), and a bit train for the DA-phase the stepping motor 10 is rotated in accordance with the 

excitation is expressed as "100110001" (status 99H). change in the excitation phase data until it is determined at 

In the data area 139, the four kinds of bit trains are step S90 that the recording is to be ended. Then the stepping 
managed as four kinds of exciting phase counter MPC. For 5 motor is stopped at step S100. 
example, as is clear from FIG. 2, when the exciting phase 

counter MPC is "1", the lower four bits are "0011", which descnbed above > according to this embodiment, since 

indicates the A-B phases excitation. Similarly, the excitation the excitation phases excited to start the recording are fixed 

phase counter MPC has the counts, 2, 3 and 4 in the case of t0 one specific phase combination, there are not required a 
B-C phases excitation (66H), C-D phases excitation (CCH) 10 plurality of line feed control patterns. Therefore, the 

and D-A phases excitation (99H), respectively. memory size can be reduced, and a recorded result becomes 

The stepping motor 10 is driven by an excitation phase a unifo™ image because a recording density such as ink 

shifting, i.e., shifting in a stepwise fashion, as the excitation density on the recording paper is constant, 
phase counter MPC changes its count from "1" to "4". That Further> when the { data is t0 be recofded Qn the 

is the stepping motor 10 is driven by shifting the bit trains recordin ^ the ^ ^ ^ 

to the higher bits in a stepwise fashion. exdted wheQ ^ mafgia fa formed fe confimc<L If the 

As shown in FIG. 3, the steppmg . motor 10 is excited at excitation phases are not the A-B phases, then the recording 

every 2 phases in a stepwise fashion according^ to the b the rec0fdin faead is started after ^ recQrdi fe 

excitation states of ; the exatmg phases. Tlje advaQced {n a ^ feed fashioQ fl me cxc{{ ^ ^ 

stepping motor 10 is rotated in accordance with the shifting . *u a d u m. * ... 

u „ 7 become the A-B phases. Therefore, the recorded image 

oi the excitation. phases. J , . c iL 

~ ™ . . becomes uniform with the constant recording density. 

The recording operation according to this embodiment 
will hereinafter be described with reference to a flowchart Furthermore, since the excitation state of the stepping 
shown in FIG. 4. The CPlj_11 0 executes a stepping motor 25 motor 1° is managed by the bit train, the shift control of the 
^control routine shown TnTtST? wheii received data is to be - excitation phases of the stepping motor 10 can be carried out 



\. recorded on a recording paper> with ease. 

\^ , When the reception data from the facsimile apparatus 2 of while the 4-phase stepping motor 10 is used in this 

-^a \ the other Party is received and placed in the recording mode. embodiment, the present invention is not limited thereto, and 

^ — ^ the steppmg motoaO .is^^^ < it is also possible to use multi-phase stepping motor other 

SlO^and^ontmuecjjtc^ than the 4-phase stepping motor. In addition, while the 

recocdmgsp^ excitation state of the stepping motor 10 is successively 

to provide a top margin of a predetermined amount from the stored j n the data area 139 of the RAM 130 to update the 

top end.. After the advancement of the recording paper, the excitation phase counter MPC, the present invention is not 

stepping motor 10 is stopped or nlaced in the pause mode at 35 limited thereto. It is also possible to directly rewriting a data 

step S3Q,A^ that time, excitation phase data indica tive of the register of tne CPU 110 thereby ehminating inputting to and 

phases excited at that time point is sto red in the data area outputting from the RAM 130 the excitation phase data. 
139, and the excitation phase coun ter MPC indicative of that 

excitati on phase data is outputted to and mem orized in the Having described the preferred embodiment of the inven- 

RAMTSJT " ' ti° n reference to the accompanying drawings, it is to be 

~*Then, before starting recording operation of the image 4 ° u n de rstood that the invention is not limited to the disclosed 

data on the recording paper, the excitation phase counter embodiment but may be changed or modified by one skilled 

MPC is read out from the RAM 130 at step S40. In this m me art wlthout de P artul g from the spirit or scope of the 

embodiment, the excitation phases that are to be excited to ^vention as defined m the appended claims, 

start the recording operation on the recording paper are fixed 45 What is claimed is: 

to A-B p hases. It is checked at step S50 whether or not the 1. A method of controlling a multi-phase stepping motor 

read out excitation phase counter MPC is "1". for advancing a recording paper set in an image forming 

If the excitation phase counter MPC is "1" (YES), then apparatus, the method comprising the steps of: 

the stepping motor 10 is driven again to advance the determining a present exciting phase state of the stepping 

recording paper m a line feed fashion at step S70, and at the 50 motor- 

same time, the recording is started by driving the recording . . . , . . 

head 41. If it is determined that the excitation phase counter driving the steppmg motor until the determined present 

MPC is not "1" (NO), then the stepping motor 10 is driven " Xcl ,! in S P hase f l ate coincide f Wlth a P redete ™ined 

by_ additio nally excitmg the excitation phases forcedly, and fixed excitm S P hase state; and 

the stepping"mdtor 10 is rotated by predetermined steps (3 55 starting image recording on the recording paper when the 

steps at maximum) at step S60 until the excitation phase determined present exciting phase state is equal to the 

counter MPC changes to "1". During this step S60, the predetermined fixed exciting phase state, 

recording head 41 is not driven. Then, at step S70, the 2 - ^° ima S e forming apparatus including a multi-phase 

normal recording is started by starting to drive the recording stepping motor for advancing a recording paper to record 

head 41 at the same time the recording paper is advanced in 6 0 mformation on the recording paper, the image form- 

a line feed fashion from the position at which the excitation m S apparatus comprising: 

phase counter MPC is held at "1". exciting phase memory means for continuously storing a 

As the stepping motor 10 is driven, the excitation phase present exciting state in exciting phases of the stepping 

data is changed at step S80 in accordance with the prede- motor; 

termined line feed control pattern stored in the ROM 120, 65 drive control means for controlling a driving of the 

i.e., line feed control pattern provided when the excitation stepping motor in response to contents stored in the 

phases to start the recording are set to A-B phases until the exciting phase memory means; and 
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exciting phase shift means for shifting in a stepwise 
fashion the stepping motor to a predetermined fixed 
exciting phase memorized in the exciting phase 
memory means before an image recording is started, 

wherein the drive control means is for controlling the 5 
driving of the stepping motor based on a shift condition 
of exciting phase when the exciting phase is shifted by 
the exciting phase shift means. 

3. The image forming apparatus according to claim 2, 
wherein: 



no 

8 

the exciting phase memory means includes a data area for 
storing the present exciting state by a bit train or an 
identifier set in response to the bit train; and 

the exciting phase shift means is for checking an exciting 
state with reference to the bit train or identifier stored 
at that time point after the recording paper is advanced 
to a recording start position and shifting the bit train to 
a bit train indicative of the predetermined fixed exciting 
phase in stepwise. 

***** 
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